Simple Summary: Marker-assisted selection has a great influence on livestock molecular breeding development. The discovery of key molecular markers that are significantly associated with body size data will accelerate molecular breeding in livestock. In this study, the cattle ACTL8 gene is a critical candidate gene. It was found that there are multiple mutations in the ACTL8 gene that may be used as molecular markers. Our results have shown that the mutations of the ACTL8 gene could have important reference value in molecular breeding for beef cattle.
Introduction
Recently, with the selection pressure strongly increased, genetic diversity is being lost in most local and industrial cattle breeds at a worldwide level. Genetic diversity in cattle is thus highly endangered [1] . Further, the genetic diversity of beef production traits is gradually decreasing, while 
DNA Isolation and Primers Design
We extracted genomic DNA from 1138 cattle using the phenol chloroform extraction method [17] , and the concentration was uniformly adjusted to 25 ng /µL for building DNA pools. Based on the bovine ACTL8 gene reference sequence in the NCBI database (GenBank accession no. AC_000159.1), seven primers (S1-S7) were designed to screen for variations in ACTL8 (Supplementary Materials Table S1).
PCR Amplification and DNA Sequencing
We randomly chose fifty DNA samples of each breed, then transferred to the same tube for constructing the different breed of bovine genomic DNA pools [18] . Using a genomic DNA pool as a template for PCR amplification, PCR was performed according to the recommended system and procedure of 2× Taq PCR Master Mix (TIANGEN, Beijing, China) instruction, and the annealing temperature was set with the temperature value in Table 2 . After that, the PCR product was detected by electrophoresis on 1.5% agarose gels. The single PCR product was detected by first-generation DNA sequencing at Shengong company (Shanghai, China) [19] .
Genotyping of Mutations in the ACTL8 Gene
After DNA pool-sequencing, seven mutations (S1-S7) were identified in the ACTL8 gene. Among them, the SNP sites of S1-S5 were analyzed using the Restriction Fragment Length Polymorphism (RFLP) technique. The S6-S7 loci were genotyped by electrophoresis on 3.5% agarose gels stained with ethidium bromide. A pair of primers (S2) were used to amplify the fragment of the SNP2 locus. Downstream primers of S4 were redesigned to detect SNP4. The new primers S1, S3, and S5 were designed to create digestion sites for genotype analysis of the PCR products (Table 2) The 10µL PCR amplification products of these locations were digested with 10 U of restriction enzymes (Takara, China) for 10 h at 37 • C following the supplier's protocol. The information about the restriction enzymes is shown in Table 2 . The digested products were detected by electrophoresis on 3.0% agarose gels stained with ethidium bromide. 
Tissues Expression Profiling Test
RNA was extracted from different tissues of Qinchuan cattle by the TRIzol method. The cDNA was obtained by reverse transcription using the PrimeScript RT kit (TaKaRa, Kusatsu, Shiga Prefecture, Japan), and the concentration was controlled to a uniform 50 ng/µL.
Primers of the ACTL8 mRNA expression test were designed using Beacon Designer 8.14 software (Premier Biosoft International, Palo Alto, CA, USA), and β-actin was used as an internal reference gene. The ACTL8 mRNA quantitative primers were designed with the reference sequence of accession number XM_015462511.1 (GI: 982978130) in GenBank ( Table 2) .
In this test, the qRT-PCR reaction system and conditions were derived from the qRT-PCR reaction standard provided by the SYBR ® Premix Ex TaqTM II (TaKaRa, Kusatsu, Shiga Prefecture, Japan) kit instruction.
Statistical Analysis
Genotypic and allelic frequencies of the ACTL8 gene were calculated by EXCEL2010 software. Hardy-Weinberg equilibrium (HWE) in the different groups was evaluated through the χ2 test in the SHEsis software [20] . The population genetic parameters were obtained by Nei's method, including the values of corresponding expected homozygosity (Exp-Hom), expected heterozygosity (Exp-He), effective allele numbers (Ae), and the polymorphism information content (PIC) [21] . The general linear model was used to analyze the association of genotypes with body size data. Considering the influence of variables, a simplified model was established by unifying the controllable variables: Yijk = µ + Ai + Gj + Eijk, where Yijk is the observation of the body size data, µ is the overall mean, Ai is the effect of age, Gj is the effect of mutations, and Eijk is the random residual error. Significance was determined by the LSD analysis in SPSS19.0 software (IBM, Armonk, NY, USA). Ninety-five percent confidence intervals were constructed for the genotypic effects. Based on the amplification efficiency of the target gene and the reference gene, according to the CT value obtained by qRT-PCR, a group close to the average value was selected as the control group. Then, the relative expression level was calculated using 2 −∆∆Ct . The GraphPad Prism 5.0 software (GraphPad Software Inc., San Diego, CA, USA) was used for the analysis.
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Results

Seven Mutations of Cattle ACTL8 Gene
DNA pool sequencing and Blastn alignment identified five genetic variant loci within the cattle ACTL8 gene (AC_000159.1). SNP 1 (c. 135418240A>G) located in the first intron region, which was identified by the Hha I digestion; SNP 2 (c. 135552895G>A) and SNP 3 (c. 135553890G>A) located the 10th exon region, where SNP 2 is synonymous mutation [CTG (162Leu)>CTA (162Leu)]. SNP 2 was identified by the Mae I digestion. Similarly, SNP 3 was identified by Aha III digestion. SNP 4 (c. 135416770G>C) and SNP 5 (c.135415955A>G) located in the 5 'UTR and 3' UTR region. SNP 4 was identified by the Hae III digestion. Then, SNP 5 was identified by the Asu I digestion (Figure 1 , Supplementary Materials Figure S2 ).
The 17 bp deletion on rs714871276 (indel 1) and 16 bp insertion on rs714529542 (indel 2) were found in Chinese cattle by PCR and sequencing (Figure 2 , Supplementary Materials Figure S2 ). According to the results of electrophoresis, different fragment indel types were divided into three genotypes, Mutation (Mutation-Mutation, MM), Heterozygous (wild-mutation, WM) and Wild (wild-wild, WW).
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Results
Seven Mutations of Cattle ACTL8 Gene
DNA pool sequencing and Blastn alignment identified five genetic variant loci within the cattle ACTL8 gene (AC_000159.1). SNP 1 (c. 135418240A>G) located in the first intron region, which was identified by the Hha I digestion; SNP 2 (c. 135552895G>A) and SNP 3 (c. 135553890G>A) located the 10th exon region, where SNP 2 is synonymous mutation [CTG (162Leu)>CTA (162Leu)]. SNP 2 was identified by the Mae I digestion. Similarly, SNP 3 was identified by Aha Ⅲ digestion. SNP 4 (c. 135416770G>C) and SNP 5 (c.135415955A>G) located in the 5 'UTR and 3' UTR region. SNP 4 was identified by the Hae Ⅲ digestion. Then, SNP 5 was identified by the Asu I digestion (Figure 1 , Supplementary Materials Figure S2 ).
The 17 bp deletion on rs714871276 (indel 1) and 16 bp insertion on rs714529542 (indel 2) were found in Chinese cattle by PCR and sequencing (Figure 2 , Supplementary Materials Figure S2 ). According to the results of electrophoresis, different fragment indel types were divided into three genotypes, Mutation (Mutation-Mutation, MM), Heterozygous (wild-mutation, WM) and Wild (wild-wild, WW). 
Genotypic and Allelic Frequencies and Genetic Diversity
The genotypic and allele frequencies and genetic diversity values are shown in Table 3 and Table 4 , respectively. According to Nei's methods, it showed gene expected homozygosity greater than 0.5 and effective allele numbers greater than 1 in the seven mutations of all cattle groups. The polymorphism information content in the population genetic parameters reflects the polymorphism 
The genotypic and allele frequencies and genetic diversity values are shown in Tables 3 and 4 , respectively. According to Nei's methods, it showed gene expected homozygosity greater than 0.5 and effective allele numbers greater than 1 in the seven mutations of all cattle groups. The polymorphism information content in the population genetic parameters reflects the polymorphism of the variation in the population. The results demonstrated that mutations of the ACTL8 gene belonged to low or moderate genetic diversity in all populations (range of PIC < 0.375, > 0.106). Mutations of the ACTL8 gene in JX and GY cattle groups mostly belonged to low genetic diversity (PIC < 0.25) (Supplementary Materials Table S2 ); however, mutations were showed moderate genetic diversity in other cattle groups (0.25 < PIC < 0.50). There was a significant difference between different cattle breeds in mutations. About the HWE test, the frequency of some mutations in different cattle groups accorded with the rule of HWE (p > 0.05). 
Association between Mutations of ACTL8 Gene and Growth Traits
The establishment of associations between different genotypes and growth traits was carried out in Chinese cattle breeds.
As shown in Table 5 , in the QC breed, SNP 1,2,4, and indel 2 were significantly associated with some forequarter traits (chest girth, depth or breadth; p < 0.05 or p < 0.01). Also, SNP 2,3,5, and indel 1 all had a significant association with the rump length (p < 0.05 or p < 0.01). SNP 5 and indels 1 and 2 were significantly associated with the body length or withers height (p < 0.05 or p < 0.01). Results showed that in XN cattle (Table 6 ), mutations also had significant relationships with forequarter traits (withers height or chest phenotypes) (p < 0.05 or p < 0.01). SNP 2 and 3, as well as indel 1 and 2, were significantly associated with the height of hip cross or rump length (p < 0.05 or p < 0.01).
The results of the association analysis between mutations and growth traits in other cattle breeds were shown in Supplementary Materials Table S3 . SNP1 and 2 were significantly associated with growth traits in other cattle breeds (JX, JN and NY cattle). SNP 3, indel 1, and indel 2 were significantly associated with the height of hip cross in NY cattle (p < 0.05 or p < 0.01). In GY cattle, indel 1 had a significant association with the chest girth (p < 0.05).
Animals 2019, 9, 1068 9 of 11 adult stage. (p < 0.01). In kidney and muscle tissues, the expression level of the ACTL8 gene was the highest in calves and the lowest in the fetal cattle, but the difference in calves and adult cattle stage was not statistically significant (p > 0.05) (Figure 3 ). 
Discussion
Through the current reports, ACTL8 gene may play an important role in tumorigenesis and myogenesis [22] [23] [24] . In this study, we aimed to find out whether the ACTL8 gene could be used as a candidate gene to perform bovine marker-assisted selection.
Therefore, this study investigated polymorphic sites of the ACTL8 gene in Chinese cattle. Seven mutation sites of the ACTL8 gene were found in the non-coding region and the coding region (synonymous mutation). Mutations were tested in seven Chinese cattle populations (n = 1138) by PCR-RFLP and other methods. Based on the analysis of population genetic index and PIC value, it was indicated that polymorphic sites on the ACTL8 gene were in high level of genetic diversity. The frequency of different SNP loci was different, which may be caused by breed factors. In this study, XN, DN and GY cattle were hybrid breeds. Then, SNPs in some cattle groups were not in the Hardy-Weinberg equilibrium (p < 0.01), which may be attributable to artificial selection pressure leading to the reduction of genetic diversity and the occurrence of imbalance.
At present, there is no research on the association between the polymorphism of the ACTL8 gene and growth traits of cattle breeds, but there are some studies on the association analysis of other cattle genes and growth traits or disease. It is reported that a significant association exists between SNPs of the bovine NUCB2 gene and the growth traits of body length, body weight and average daily gain in native Chinese cattle [25] . There is a significant correlation between the polymorphisms of the PRNP gene and its transcription levels [26] . Our study indicated a significant association between SNP 1 and the chest girth in QC and NY cattle. The SNP 2 was mainly affected by the allele G, which was significantly associated with the withers height and height of hip cross in XN and JN cattle. Then, SNP 3 was significantly associated with the body length of JX cattle. Besides, we found in QC cattle that SNP 4 was significantly associated with the chest girth, and SNP 5 was 
At present, there is no research on the association between the polymorphism of the ACTL8 gene and growth traits of cattle breeds, but there are some studies on the association analysis of other cattle genes and growth traits or disease. It is reported that a significant association exists between SNPs of the bovine NUCB2 gene and the growth traits of body length, body weight and average daily gain in native Chinese cattle [25] . There is a significant correlation between the polymorphisms of the PRNP gene and its transcription levels [26] . Our study indicated a significant association between SNP 1 and the chest girth in QC and NY cattle. The SNP 2 was mainly affected by the allele G, which was significantly associated with the withers height and height of hip cross in XN and JN cattle. Then, SNP 3 was significantly associated with the body length of JX cattle. Besides, we found in QC cattle that SNP 4 was significantly associated with the chest girth, and SNP 5 was significantly associated with the body length, rump length, withers height, and hip width. It was mainly affected by allele G in these two loci. For indels, there was an association between indel 1 and the height of hip cross in XN and JX cattle. Meanwhile, it was significantly associated with the chest girth in GY cattle. Moreover, indel 2 was indicated to be significantly associated with height of hip cross and chest girth in XN and JX cattle as well. All results of the association analysis show mutations in the ACTL8 gene of cattle could act as molecular markers for Chinese beef cattle breeding in some growth traits. Growth traits in cattle reflect the value of beef cattle [27] . Therefore, the significant relationship between mutations in the ACTL8 gene and cattle growth traits will help for the development of meat production traits in beef cattle.
Expression of the ACTL8 gene in different tissues showed its low expression in the fetal stage of QC cattle. With the development of cattle, the expression level of the ACTL8 gene increased in different tissues. It is reported that bones and muscles develop fastest in calves [28] , and the heart is the first development tissue in life [29] . Development of adipose would run through the life cycle of cattle [30, 31] . Our results suggest that ACTL8 may be involved in the growth and development of bovine tissues, so as to reveal the gene plays a very important biological function.
Conclusions
Overall, we found five SNPs and two indels in the bovine ACTL8 gene by DNA-seq. The seven identified mutations in the ACTL8 gene could act as DNA markers for beef cattle breeding to select for increased body size. Tissue expression profile of cattle ACTL8 gene was in flux among the three growth stages. It was highly expressed in the adult stage. For further research on the role of tissue development in cattle, the ACTL8 gene provided some basic information. In sum, it showed that the mutations could have important reference value in beef molecular breeding and selection of the growth traits of cattle.
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